
8.1.
The pyroelectric response in the framework of the problem can be found as 

𝑝 =
𝐷3
Δ𝑇

To find the relation between 𝐷3 and Δ𝑇, we will use the constitutive equations: 

𝐷𝑖 = 𝜀0𝐾𝑖𝑗𝐸𝑗 + 𝑑𝑖𝑗𝜎𝑗 + 𝑝𝑖Δ𝑇, 

𝜀𝑖 = 𝑑𝑗𝑖𝐸𝑗 + 𝑠𝑖𝑗𝜎𝑗 + 𝛼𝑖Δ𝑇. 

In both cases, the electric field 𝐸3 = 0 since the (001) electrodes are electrically connected. In order 

to simplify the equation for 𝐷3, we use the 4mm symmetry restrictions for tensor 𝐾𝑖𝑗 (𝐾31 = 𝐾32 =

0), thus 𝐾31𝐸1 = 𝐾32𝐸2 = 0. The equation for 𝐷3 attains the following form: 

𝐷3 = 𝑑3𝑗𝜎𝑗 + 𝑝3Δ𝑇

In case (a), the sample is mechanically free, implying all 𝜎𝑗 = 0. Then, 𝐷3 = 𝑝3Δ𝑇, and 

𝑝(𝑎) =
𝐷3
Δ𝑇
= 𝑝3. 

In case (b), the sample is kept mechanically free in 𝑥1 and 𝑥2 directions, implying 𝜎1 =

𝜎2 = 𝜎4 = 𝜎5 = 𝜎6 = 0, and 𝜎3 ≠ 0. Then, equation for 𝐷3 rewrites as 

𝐷3 = 𝑑33𝜎3 + 𝑝3Δ𝑇 

To find 𝜎3, we use the constitutive equation for 𝜀3 = 0, which must not change during the 

measurement (note that 𝐸3 = 0): 

𝜀3 = 𝑑𝑗3𝐸𝑗 + 𝑠33𝜎3 + 𝛼3Δ𝑇 = 𝑑13𝐸1 + 𝑑23𝐸2 + 𝑠33𝜎3 + 𝛼3Δ𝑇 

Having applied the symmetry restrictions for 4𝑚𝑚 point group on the piezoelectric tensor, which 

have the form (see Symmetry Tables) 

𝑑 = (

0 0 0 0 𝑑15 0
0 0 0 𝑑15 0 0
𝑑31 𝑑31 𝑑33 0 0 0

), 

𝜀3 = 𝑠33𝜎3 + 𝛼3Δ𝑇 = 0 ⇒    𝜎3 = −
𝛼3
𝑠33
Δ𝑇, 

𝐷3 = (𝑝3 −
𝑑33𝛼3
𝑠33

) Δ𝑇, 

𝑝(𝑏) =
𝐷3
Δ𝑇
= 𝑝3 −

𝑑33𝛼3
𝑠33

. 

Thus, in (a) and (b) the measured pyroelectric responses are different. Specifically, 

𝑝(𝑎) − 𝑝(𝑏) =
𝑑33𝛼3
𝑠33
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The capacitance in the framework of the problem can be found as 

Δ𝑄

Δ𝑉

Δ𝐷3 ⋅ 𝑆

Δ𝐸3 ⋅ 𝐿
𝐶 = = , 

where Δ𝑉 is the change of applied voltage, Δ𝑄 is the change of the charge on the electrodes. 

To find the relation between 𝐷3 and 𝐸3, we will use the constitutive equations at constant 

temperature: 

𝐷𝑖 = 𝜀0𝐾𝑖𝑗𝐸𝑗 + 𝑑𝑖𝑗𝜎𝑗, 

𝜀𝑖 = 𝑑𝑗𝑖𝐸𝑗 + 𝑠𝑖𝑗𝜎𝑗 . 

Applying the 4mm symmetry restrictions for tensor 𝐾𝑖𝑗 (𝐾31 = 𝐾32 = 0), one can rewrite the 

equation for 𝐷3 as follows: 

𝐷3 = 𝜀0𝐾33𝐸3 + 𝑑3𝑗𝜎𝑗 . 

In case (a), the sample is mechanically free, implying all 𝜎𝑗 = 0. Then, 𝐷3 = 𝜀0𝐾33𝐸3, and 

𝐷3 ⋅ 𝑆

𝐸3 ⋅ 𝐿

𝑆

𝐿
𝐶(𝑎) = = 𝜀0𝐾33 . 

In case (b), the sample is kept mechanically free in 𝑥1 and 𝑥2 directions, implying 𝜎1 =

𝜎2 = 𝜎4 = 𝜎5 = 𝜎6 = 0, and 𝜎3 ≠ 0. Then, equation for 𝐷3 rewrites as 

𝐷3 = 𝜀0𝐾33𝐸3 + 𝑑33𝜎3. 

To find 𝜎3, we use the constitutive equation for 𝜀3 = 0, which must not change during the 

measurement: 

𝜀3 = 𝑑𝑗3𝐸𝑗 + 𝑠33𝜎3 = 𝑑13𝐸1 + 𝑑23𝐸2 + 𝑑33𝐸3 + 𝑠33𝜎3 

Having applied the symmetry restrictions for 4𝑚𝑚 point group on the piezoelectric tensor, which 

have the form (see Symmetry Tables) 

𝑑 = (

0 0 0 0 𝑑15 0
0 0 0 𝑑15 0 0
𝑑31 𝑑31 𝑑33 0 0 0

), 

𝜀3 = 𝑑33𝐸3 + 𝑠33𝜎3 = 0 ⇒    𝜎3 = −
𝑑33
𝑠33

𝐸3, 

𝐷3 = (𝜀0𝐾33 −
𝑑233
𝑠33
)𝐸3, 

𝐶(𝑏) =
𝐷3 ⋅ 𝑆

𝐸3 ⋅ 𝐿
= (𝜀0𝐾33 −

𝑑233
𝑠33
)
𝑆

𝐿
. 

Thus, in (a) and (b) the measured capacitances are different. Specifically, 

𝐶(𝑎) − 𝐶(𝑏)

𝐶(𝑎)

𝑑233/𝑠33
𝜀0𝐾33

= = 0.35 

8.2




